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INTRODUCTION 


Glutamine  is  a  central  compound  in  the  nitrogen  metabolism  of 
all  species  (2»  10).  This  study  of  glutamine  synthesis  In  fish  is 
pertinent  to  aspects  of  osmoregulation  as  well.  The  only  known  route 
of  glutamine  synthesis  In  all  species  is  activity  of  glutamine 
synthetase  (EC  6. 3. 1.2)  which  catalyzes  the  following  physiologically 
significant  reaction: 

(1)  L-glutamate  +  NH^  +  ATP  — — - >  L-glutamine  +  ADP  +  P^ 

Glutamine  synthetase  also  catalyzes  two  other  reactions  which  are 
used  to  assay  activity  (7»  12). 


(2)  L-gluCamate  +  NH2OH  +  ATP  - 

Y-glutamyl  hydroxamate  +  ADP  +  P^ 


(3)  L-glutamlne  +  tra20H  - 

AsO^ 


Y*glutamyl  hydroxamate  +  NH^ 


Assay  based  on  reaction  (3)  was  used  in  this  study  due  to  its  greater 
sensitivity  and  simplicity  (16,  20). 

Previous  studies  of  glutamine  synthetase  in  fish  were  usually 
limited  to  one  or  a  few  species  and  thus  provide  very  limited 
comparative  Information  (5,  6,  8,  15,  18,  19,  21).  A  previous  study, 
using  the  same  method  (16),  compared  liver  and  brain  activities  of 
three  species  of  teleosts  and  three  species  of  elasmobranchs. 

Specific  activities  were  high  in  brain  tissue  of  all  six  species, 
although  liver  specific  activity  was  high  in  only  elasmobranch 
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species.  This  large  difference  between  specific  activities  in 
liver  had  not  been  reported  previously  and  prompted  a  more 
comprehensive,  comparative  study  of  glutamine  synthetase  in 
fish  tissues. 

This  study  is  a  survey  of  glutamine  synthetase  activity  in 
liver,  kidney  and  brain  tissues  from  18  species  of  fresh-water 
and  marine  Cyclostomi,  Chondrichthyes,  and  Osteichthyes.  Gill 
and  other  tissues  of  many  species  were  also  examined  along  with 
liver  tissue  from  a  coelacanth  (Latimeria  chalumnae). 

K4TERIALS  AND  METHODS 

North  American  (Pacific  Northwest)  species  were  kept  in 
aquaria  with  water  adjusted  to  their  normal  environmental  salinity 
and  temperature.  The  stingrays  were  purchased  from  a  local 
(Seattle,  Washington)  fish  wholesaler.  All  specimens  were  sacri¬ 
ficed  as  soon  as  practical  after  acquisition.  The  sample  of 
coelacanth  liver  (from  Latimeria  chalumnae  #78;  17.2  kg  male; 
frozen  for  about  18  months  prior  to  use)  was  obtained  from  the 
Society  for  the  Protection  Of  Old  Fishes. 

L-glutamlne,  Y*glutamyl  hydroxamate,  Na2ADP,  KH^AsO^,  bovine 
serum  albtsnin,  and  Imidazole  were  purchased  from  Sigma  Chemical 
Company,  St.  Louis,  Missouri.  Hydroxylamine-HCl  was  obtained  from 
Merck  &  Company,  Rahway,  New  Jersey. 

All  tissues  were  excised  from  freshly  sacrificed  specimens 
and  homogenized  with  distilled  water  in  glass,  hand  homogenizers. 
The  tissue  homogenates  were  assayed  for  glutamine  synthetase 
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according  to  the  method  of  Webb  and  Brown  (16)  under  the  following 
conditions:  Ten  min.  Incubation  at  25^C;  pH  6.4  or  6.7  depending 
upon  the  optimum  of  each  group  (16);  2  ml  Incubation  mixture 
containing  60  mM  L-glutamine,  15  mM  hydroxylamlne-HCl ,  0.4  mM 
Na2ADP;  20  mM  KH^AsO^,  3  mM  MnCl^*  and  40  mM  Imidazole.  The 
Y*-glutamyl  hydroxamate  produced  by  enzyme  activity  (reaction  3) 
was  complexed  with  FeCl^  (in  HCl)  and  compared  against  the  Y- 
glutttayl  hydroxamate  standard  at  500  nm.  A  unit  of  glutamine 
synthetase  activity  Is  defined  as  the  production  of  one  ymole  of 
Y^lutamyl  hydroxamate  per  min  at  25®C.  Protein  was  determined 
by  the  biuret  method  adapted  from  Zamenhof  (22). 

RESULTS  AND  DISCUSSION 

Glutamine  S3mthetase  activity  in  fish  tissues  was  linear  with 
time  and  enzyme  aliquot.  Other  properties  exhibited  by  glutamine 
83nitheta8e  from  Squalus  acanthlas  liver  (Table  1)  are  in  accord  with 
properties  of  the  enzyme  from  other  fish  (16)  and  mammals  (7,  11). 
The  glutamine  synthetase  of  coelacanth  liver  homogenate  produced 
less  than  half  maximal  activity  without  ADP  and  arsenate;  about  one* 
fourth  maximal  activity  without  either  or  glutamine;  and  about 

one*eighth  maximal  activity  without  hydroxylamine.  Boiled  enzyme 
produced  no  activity. 

Body  might  ranges  are  given  in  Tables  2  and  3  to  Indicate 
limitations  of  sample  weight  range  which  affect  both  organ  percent* 
age  of  body  weight  and  protein  content.  The  body  weight  ranges  are 
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not  Identical  for  both  tables  because  organ  weights  were  not 
routinely  determined  In  the  earlier  phases  of  the  research*  The 
percentage  of  body  weight  of  liver  was  highly  variable  and  was  a 
significant  factor  In  the  large  differences  between  the  species' 
hepatic  potential  for  synthesis  of  glutamine  (Figure  1  and  Table  4). 
The  protein  content  of  liver  was  also  quite  variable  and  resulted 
In  highly  significant  differences  In  specific  activity  among  the 
species  examined  here  (Tables  3  and  4) • 

There  Is  a  very  large  difference  between  specific  activity  of 
glutamine  synthetase  in  liver  and  brain  of  the  species  which  do 
not  retain  urea  for  osmoregulation*  There  is  a  relatively  small 
difference  In  species  which  retain  urea  for  osmoregulation.  This 
may  help  to  explain  the  relationship  of  liver  glutamine  synthetase 
to  production  of  urea  In  marine  Chondrichthyes  (17). 

The  species  studied  here  which  retain  urea  (Hydrolagus  colllel* 

blnoculata,  Squalus  acanthlas,  and  Taenlura  lymma)  (4,  17) 
have  high  glutamine  synthetase  specific  activity  In  liver  and  kidney. 
Conversely,  the  species  idilch  do  not  retain  urea  (all  other  species 
In  Table  4)  C4,  13,  14)  have  very  low  glutamine  synthetase  specific 
activity  In  liver  and  kidney.  The  brain  activity  Is  relatively  high 
In  all  species.  Other  tissues  do  not  contain  such  high  levels  of 
the  enzyme  (Table  5) . 

The  fresh-'water  stingray,  Potamotrygon  circular  Is,  Is  taxo- 
nomlcally  distant  to  the  species  of  Ostelchthyes  described  In  Tables 
2^5.  However,  their  levels  of  glutamine  synthetase  In  liver  and 


kidney  are  closely  parallel.  This  and  the  relatively  high  activity 
In  coelacanth  liver  (3.5  units  per  g  tissue;  0.04  units  per  mg 
protein)  Indicate  a  direct  relationship  between  liver  glutamine 
synthetase  activity  and  urea  retention  In  the  coelacanth  (of  the 
class  Ostelchthyes)  (3,  9)  and  marine  Chondrlchthyes  (4). 

These  data  reiterate  that  glutamine  synthetase  Is  prevalent 
and  very  active  in  brain  tissue  of  all  species  studied.  Further, 
the  enzyme  Is  present  at  high  activity  levels  in  the  liver  of  some 
fish  species;  namely,  the  marine  species  which  coincidentally 
retain  urea  for  osmoregulation.  The  function  of  this  activity 
could  be  tied  to  the  type  and  activity  of  carbamoyl-phosphate 
synthetase  present  In  liver  of  urea-retalnlng  species  (1,  17). 

This  hypothesis  Is  supported  by  the  relative  ability  of  the  liver 
of  each  species  to  synthesize  glutamine  as  shown  in  Figure  1.  The 
importance  of  glutamine  to  the  metabolism  of  some  fish  Is  thus 
greater  than  proposed  In  previous  reports  (6,  21). 

SUMMARY 

Glutamine  synthetase  may  have  a  critical  function  in  the 
nitrogen  metabolism  and  osmoregulation  of  some  fish  species.  The 
urea-retaining  marine  Chondrlchthyes  had  high  levels  of  the  enzyme 
In  liver.  The  non-urea-retalnlng  species  had  very  low  specific 
activity  of  glutamine  synthetase  In  liver  tissue.  Glutamine  may 
be  a  direct  precursor  of  urea  In  urea-retalnlng  marine  Chondrlch¬ 
thyes.  Levels  of  glutamine  synthetase  In  tissues  other  than  liver 
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and  kidney  of  Chondrlchthyes  and  brain  of  all  18  species  examined 
here  eere  very  low  although  some  activity  was  detectable  In  many 
tissues e 


TABLE  1 — Requirements  for  activity  and  Inhibition  of  Squalus  acanthlas 
liver  glutamine  synthetase. 


System 

Percent 

of  activity 

Complete^ 

100 

"Glutamine 

1 

"Hydroxylamlne  (NH2OH) 

1 

"ADF  and  arsenate  (KH2As0^) 

2 

-M„*^  (MnCip 

1 

+  0.1  mM  MnCl2  in  place  of  3 

mM  MnCl2 

112 

1  2 

Complete  ’  plus: 

9  mM  Methionine  sulfoxlmlne 

96 

9  mM  Methionine  sulfoxlmlne. 

10  mM  ATP,  20  mM  MgCl2 

0 

3  mM  Methionine  sulfoxlmlne, 

10  mM  ATP,  20  mM  MgCl2 

0 

10  mM  ATP,  20  mM  MgCl2 

24 

3 

Complete  Alternate  Assay 

6.3 

hhe  complete,  reaction  (3),  system  produced  179  units  per  g  liver 
acetone  powder  with  60  mM  L-glutamlne,  13  mM  hydroxy latnlne,  3  mM  MnCl^* 
0.4  mM  ADP,  and  20  mM  KH2As0^  at  25°C.  (pH  6.7). 

2 

Methionine  sulfoxlmlne  and/or  ATP  and  MgCl^  were  preincubated  with  the 
acetone  powder  suspension  at  the  concentration  shown  for  10  min  prior 
to  Initiation  of  the  reaction  by  addition  of  the  assay  mix.  The  con* 
centratlon  of  the  preincubated  components  during  the  assay  was  half 
that  shown  above.  Controls  were  preincubated  with  water. 

•i 

The  complete,  reaction  (2),  alternate  assay  system  produced  11.3  units 
per  g  liver  acetone  powder  with  60  mM  L-glutamate,  IS  mM  hydroxylamlne, 
20  mM  MgCl,,  and  10  mM  ATP  at  25  C.  (pH  7.2).  The  reaction  (3)/reactlon 
(2)  ratio  of  activities  Is  16. 


Org«B 


Liver  IralB 


CLASS  OSTEICBTHYES 

IWE^ 

twi 

AclBeneer  treaMontamie 
(Wiite  Bturgeon) 
Freeh-^water 

1,1  ±  0.0  (2) 

1.02  - 

2.05  kg 

0.08  ±  0.03  (2) 

1.02  - 

2.05  kg 

ClupM  harcBitua  pallaai 
(Pacific  herring) 

Karine 

0.25  t  0.04  (3) 

0.038  - 

0.105kg 

Cvprlnua  carvlo 
(Carg) 

Preah-water 

1.3  +  0.2 

(3) 

1.30  - 

1.60  kg 

0.08  ±  0.02  (3) 

1.30  - 

1.60  kg 

Cadue  nacrocephalua 
(Pacific  cod) 

Marine 

0.15  t  0.05  (3) 

0.45  - 

1.21  kg 

Xctalurua  nunctatus 

(Channel  catfiah) 
Freah-vster 

0.9  i  0.2 

(3) 

0.093  - 

O.lUkg 

0.24  ±  0.00  (3) 

0.093  - 

0.116kg 

Lepidopsetta  blllncaca 
(Rock  aole) 

Marine 

0.11  ±  0.05  (6) 

0.156  - 

0.509kg 

Oncorhynehua  cehawytacha 
(Chinook  salaon) 

2  Fresh-«ater 

2  Marine 

p 

1+ 

p 

(4) 

0.030  - 

0.064kg 

0.38  ±  0.09  (4) 

0.030  - 

0.064kg 

Perce  flaveacens 
(tellow  perch) 
Freeh-vater 

1.3  ±  0.4 

(3) 

0.138  - 

0.240kg 

0.09  ±  0.02  (3) 

0.138  - 

0.240kg 

Platichthva  atellatua 
(Starry  flounder) 

Marine 

1.0  +  0.2 

(2) 

0.318  - 

0.320kg 

0.08  ±  0.01  (3) 

0.316  - 

0.520kg 

PorichthTS  notatus 

(Plain! in  nidahipaaa) 
Marine 

2.1  ±  0.2 

(2) 

0.135  - 

0.204kg 

0.08  ±  0.02  (3) 

0.135  - 

0.246kg 

Sahaatea  caurlnua 

(Copper  rockfiah) 

Marine 

1.1  t  0.2 

(3) 

0.145  » 

0.423fcg 

0.14  ±  0.07  (3) 

0.145  - 

0.423kg 

CUSS  CTCLOSTOHX 

Bpcatretua  atonti 

(Pacific  hagflah) 

Marine 

1.9  i  0.1 

(2) 

0.215  - 

0.240kg 

0.03  ±  0.01  (2) 

0.215  - 

0.240lig 

Lawpitra  erideatatua 
(Pacific  laaprey) 

1.2  ♦  0.2  (3) 

0.475  - 

0.740kg 

0.02  ±  0.00  (3) 

0.475  - 

0.740kg 

Fresh-waier 
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TABLE  2 — Continued 


CLASS  CHONDRICHTHYES 

ZBU^ 

BWR'' 

ZBU‘ 

BWR^ 

Hrdrolatua  colllal 
(tat fish) 

Karina 

15.2  +  7.1 

(3) 

0.100  -  0.580kg 

0.31  ±  0.09 

(3) 

0.100*  0.580kg 

Fotaaotrvaon  circular la 
(Stingray) 
rrash-vatar 

4.6  ±  4.8 

(2) 

0.125  -  0.13Ikg 

1.08  ±  0.18  (2) 

0.125  *  0.131kg 

tala  blnoculata 
(Big  akata) 

Karina 

3.5  +  1.2 

(2) 

0.90  -  15.67  kg 

0.14  ±  0.10 

(3) 

0.90  *  15.67  kg 

Soualus  scant hlas 

(Spiny  dogfish) 

Karina 

7.5  +  1.9 

(2) 

0.625  -  1.06  kg 

0.34  ±  0.10 

(2) 

0.625  *  1.06  kg 

Taanlura  lynna 

(Blua-apottad  stingray) 
Marina 

1.4 

(1) 

0.276kg 

1.87 

(1) 

0.276kg 

Sclsntiflc  DM*  it  folloiwd  by  th«  cooDon  naaa  and  habitat* 


Organ  parcantaga  of  body  valght,  ZBW,  la  llatad  aa  tha  naan  *  standard  daviatlon  with  tha  nuabar  of 
spaclaana  in  paranthcsia. 


*Body  waight  ranga  of  apaelnans  In  each  apaclaa*  BWR,  la  shown  In  kg. 


TABLE  3 — Protein  content  of  liver »  brain,  and  kidney 


Orfim 


Liv«r 


ClASS  OSTEZCHTHTES 


AclDcnscT  traasaoacsnus 
(Whits  sturgson) 

125  t  38 

(2) 

55+0 

(2) 

Frssb-vstsr 

BWR^ 

1.02  - 

2.05  kg 

1.02  - 

2.05  kg 

CluDss  harstiftus  Dsllssl 
(Pacific  barring) 

P 

140  ±  12 

(3) 

92+2 

(3) 

Marina 

BUR 

0.038  - 

0.105kg 

0.038  - 

0.105kg 

Cvnrinua  carpio 
(Carp) 

Prash*wacar 

P 

171  +  7 

(3) 

82  >  1 

(3) 

BWR 

1,30  - 

1.60  kg 

1.30  - 

1.60  kg 

Gadus  nacrocephalua 
(Pacific  cod) 

P 

136  ±  16 

(3) 

77+2 

(3) 

Marina 

BWR 

0.45  - 

1.21  kg 

0.45  - 

1.21  kg 

let  alums  ounctatus 

(Channal  catfish) 

P 

149  ±  6 

(3) 

86+3 

(3) 

Prash--vatar 

BWR 

0.093  - 

0.116kg 

0.093  - 

0.116kg 

Lapidopsetta  bilinaata 
(Rock  sole) 

P 

126  +  7 

(6) 

79+7 

(6) 

Marina 

BWR 

0.156  - 

0.509kg 

0.156  - 

0.509kg 

Oncorhynchua  tshawytscha 
(Chinook  salaon) 

P 

151  ±  6 

(4) 

81+1 

(4) 

2  Fraah-watar 

2  Marine 

BWR 

0.030  - 

0.064kg 

0.030  - 

0.064kg 

Parca  flavascana 
(Yallotf  parch) 

P 

133  ±  15 

(3) 

74+2 

(3) 

prash-watar 

BWR 

0.138  - 

0.240kg 

0.138  * 

0.240kg 

Platichthys  atallatus 
(Starry  flounder) 

P 

122  ±  8 

(8)* 

72+6 

<8)^ 

HSTina 

BUR 

0.30  - 

1.20  kg 

0.30  - 

1.20  kg 

Porlehthya  notatua 

(Plainfln  nidshlpnan) 

P 

148  ±  16 

(3) 

77  ♦  11 

(3) 

Marina 

BUR 

0.135  - 

0.246kg 

0.135  - 

0.246kg 

Sabastaa  caurlnm 

(Copper  rockfish) 

P 

120  1  22 

(3) 

75+8 

(6)^ 

Marina 

BUR 

0.145  - 

0.423kg 

0.145  - 

0.423k8 

Kidnty 

70  1  20  (2) 

1.02  -  2.0S  |L( 

107  t  17  (3) 
0.03B  -  O.lOSkt 

130  t  «  (3) 

1.30  -  1.00  H 

97+4  (3) 

0.45  -  1.21  kt 

112  ±  9  (3) 
0.093  *  O.lUkt 

117  ±  17  (6) 
0.156  -  0.509kt 

107  +  8  <4) 
0.030  -  0.064ki 

75  ♦  12  (2) 
0.138  -  0.240kg 

103  t  8  (3) 
0.318  -  0.520kg 

103  t  9  (3) 
0.135  -  0.246kg 

110  i  2  (3) 
0.145  -  0.4Z3kg 
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TABLE  3** Continued 


Species^ 

Organ 

Liver 

Brain 

Kidney 

CLASS  CTCLOSTOHX 

Iptatretue  stoutl 

(Pacific  hagfish) 

r* 

BO  t  23  (2) 

53  ±  15  (2) 

30  +  18  (2) 

Harlae 

BUR^ 

0.213  -  0.240kg 

0.215  -  0.240kg 

0.215  -  0.240kg 

VT^*’*^*  tridentatue 
(Pacific  lanprey) 

P 

87  ♦  17  (3) 

45  t  10  (3) 

69+2  (3) 

fteah-water 

BHR 

0.475  -  0.740kg 

0.475  *  0.740kg 

0.475  -  0.740kg 

CLASS  CHONDRICIITinrES 

Hydrolaaus  eolllel 
(Ratfish) 

P 

23  +  13  (7)^ 

89  +  24  (7)* 

93  ♦  21  (5) 

Karina 

BHR 

0.100  -  0.6  kg^- 

0.100  -  0.6  kt4 

0.100  *  0.6  kg+ 

Potaaotryton  circular Is 
(Stingray) 

P 

89  t  84  (2) 

76+1  (2) 

75+3  (2) 

Presh-water 

BUR 

0.125  -  0.131kg 

0.125  •  0.131kg 

0.125  -  0.131kg 

Rale  blnoculata 
(Big  skate) 

P 

95  +  51  (6)^ 

73+9  (6)* 

94  ♦  18  (3) 

Karine 

BUR 

0.90  -  15.67  kg 

0.90  -  15.67  kg 

0.90  -  15.67  kg 

Soualus  ac ant hiss 
(Spiny  dogfish) 

P 

35  +  14  (6)* 

69+  7  (6)^ 

90+4  (3)^ 

Karine 

BUR 

0.625  -  3.0  kg4> 

0.625  -  3.0  kgf 

0.625  -  3.0  kg+ 

Taeniura  lyMS 

P 

199  (1) 

105  (1) 

117  (1) 

(Blue-' spot  ted  stingray) 

Karine 

BUR 

0.276kg 

0.276kg 

0.276kg 

^Scientific  MM  le  followed  hj  comm  mm  end  hebltac, 

^Froteln  content »  f,  le  listed  es  at  progelo  per  g  tissue  (biuret  Mthod):  Men  ±  stenderd  dovletloa* 
Ntaiber  of  speciMns  exMlned  Is  listed  In  parent  heels. 

^Body  weight  range  of  speelMns  In  each  species*  BWP*  Is  shown  In  kg.  If  weight  %ms  not  Mssured* 
epproxlMte  nlnlma  value  was  derived  Iron  length  to  weight  ratios  and  listed  with  a 

^gesults  fron  a  previous  study  (Webb  and  Brown*  1976)  are  Included  In  this  value. 
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TABLE  4 — Glutamine  synthetase  activities:  Liver,  brain,  and  kidney 


Spcci«« 


1 


tnEymm  activity 


2 


Livar 


Braia 


Kidnay 


CLASS  OSTEICHTHYES 


Aeipaasar  transwmtanua 
(Vhita  aturgaon) 

ia’ 

A 

0.6  ± 

0.8 

(2) 

6.5 

♦ 

1.1 

(2) 

0.3  1 

0.0  (2) 

Fraali>vatar 

SA* 

0.00  ± 

0.00 

(2) 

0.11 

♦ 

0.02 

(2) 

0.00  + 

0.00  (2) 

Clupaa  harantua  Dallaal 
(Faciflc  harring) 

TA 

2.8  ± 

2.0 

(5) 

75.6 

±  1^*3 

(3) 

1.1  ♦ 

0.3  (5) 

Marina 

SA 

0.02  ± 

0.02 

(3) 

0.81 

+ 

0.21 

(3) 

0.01  ± 

0.01  (3) 

Cmrinua  camio 
(Carp) 
rraab-^atar 

TA 

0.7  ♦ 

0.8 

(3) 

65.6 

5.0 

(3) 

0.7  ♦ 

0.6  (5) 

SA 

0.00  ± 

0.00 

(3) 

0.55 

+ 

0.06 

(3) 

0.01  t 

0.01  (5) 

Gadiaa  naeroeaphalua 
(Pacific  cod) 

TA 

1-1  t 

0.5 

(3) 

58.3 

+ 

6.8 

(3) 

6.2  ♦ 

2.2  (5) 

Marina 

SA 

0.01  t 

0.00 

(3) 

0.87 

+ 

0.06 

(3) 

0.06  ± 

0.02  (5) 

Ictalunia  mioctatua 
(Channai  catfiah) 

TA 

± 

0.5 

(3) 

35.3 

6.1 

(3) 

0.8  6 

0.2  (3) 

Praab*^tar 

SA 

0.01  + 

0.00 

(3) 

0.61 

+ 

0.05 

(3) 

0.01  ± 

0.00  (3) 

Lanidooaatta  bilinaata 
(Rock  sola) 

TA 

1.6  ± 

0.5 

(6) 

77.1 

+ 

9.7 

(6) 

3.7  ± 

3.7  (6) 

Marina 

SA 

0.01  ♦ 

0.00 

(6) 

0.97 

0.12 

(6) 

0.03  t 

0.03  (6) 

Oncorhvnchus  tshawtseha 
(Chinook  oalaon) 

TA 

2,6  + 

0.1 

(2) 

80.7 

+ 

7.6 

(2) 

2.0  ♦ 

0.1  (2) 

Marina 

SA 

0.02  ± 

0.00 

(2) 

1.00 

+ 

0.09 

(2) 

0.02  ± 

0.00  (2) 

Oncorhynchoa  tshawtseha 
(Chinook  salnon) 

TA 

0.9  + 

0.1 

(2) 

75.9 

♦ 

6.7 

(2) 

0.1  (2) 

Fraah-wtar 

SA 

0.01  ± 

0.00 

(2) 

0.96 

♦ 

0.06 

(2) 

0.02  ± 

0.00  (2) 

Parca  flavaseans 
(Yallov  parch) 

TA 

0.8  ± 

0.5 

(3) 

82.9 

♦ 

3.1 

(3) 

0.2  ♦ 

0.2  (5) 

Frash-watar 

SA 

0.01  t 

0.00 

(3) 

1.12 

♦ 

0.02 

(3) 

0.00  t 

0.00  (3) 

Platichthvs  atallatus 
^Starry  floundar) 

TA 

0.5  ± 

0.5 

(S)^ 

69.7 

± 

(8)* 

0.5  1 

0.1  (3) 

Marina 

SA 

0.00  ± 

0.00 

(8)^ 

0.68 

♦ 

0.16 

(8)^ 

0.00  t 

0.00  (3) 

Porichthvs  notatua 

(Plaiafin  nidshipnaa) 

TA 

1.0  ± 

0.6 

(3) 

53.2 

♦ 

9.7 

(5) 

1.0  ± 

0.0  (3) 

Marina 

SA 

O.Ol  ± 

0.00 

(3) 

0.65 

♦ 

0.08 

(5) 

0.01  ♦ 

0.00  (3) 

iabaataa  canrinna 

(Coppar  rockllsh) 

TA 

0.6  ± 

0.5 

(6)* 

29.0 

♦ 

9.7 

(6f 

0.6  ♦ 

0.3  (3) 

Marina 

SA 

0.00  ± 

0.00 

(3) 

0.58 

♦ 

0.12 

(6)* 

0.01  ♦ 

0.00  (5) 

TABLE  4 — Continued 


Species^ 

Cnsyne  activity^ 

Liver 

Brain 

Kidney 

CLASS  CYCLOSTQHl 

Botatretua  stout  1 

TA> 

A. A  ± 

1.1 

(2) 

AA.A  4 

10.7  (2) 

O.A  4 

0.2 

(2) 

(Pacific  hagflsh) 

Narine 

SA* 

0.06  4 

0.00  (2) 

0.8A  4 

O.OA  (2) 

0.01  4 

0.00  (2) 

Lanoetra  tridentatus 
(Pacific  lanprey) 

TA 

1.3  4 

0.5 

(3) 

21.9  4 

9.8  (3) 

3.7  4 

0.7 

(3) 

Presb-weter 

SA 

0.01  4 

0.00  (3) 

0.A7  4 

0.11  (3) 

0.05  4 

0.01 

(3) 

CLASS  dOHMlCHTHTCS 

Bvdrola^ua  celllel 

TA 

6.9  4 

2.9 

O)* 

22.9  4 

2.9  (7)* 

56.0  4 

9.0 

(5) 

(BatfUh) 

a 

Narine 

SA 

0.33  4 

O.IA  (7)' 

0.27  4 

0.06  (7)^ 

0.62  4 

0.11 

(5) 

PotanotrvKon  clrcularls 

TA 

0.2  4 

0.0 

(2) 

10.9  4 

0.0  (2) 

0.1  4 

0.2 

(2) 

(Stingray) 

(2) 

Presb-water 

SA 

0.00  4 

0.00 

O.IA  4 

0.00  (2) 

0.00  4 

0.00  (2) 

Bala  blnoculata 

TA 

39.6  420.2 

(6)* 

2A.1  4 

*.*  <6)* 

A3.8  4 

5.8 

(3) 

(Big  skate) 

Narine 

SA 

O.AA  4 

0.12 

(6)* 

0.33  4 

0.05  <6)^ 

0.A8  4 

0.12 

(3) 

Seualus  acanthlas 

TA 

18.A  4 

10.  A 

(7)» 

18.0  4 

2.1  (7)* 

23.3  4 

11.6 

<3)^ 

(Spiny  dogfish) 

a 

-  .5 

Narine 

SA 

0.A8  4 

0.17  <7)' 

0.26  4 

O.OA  (7)^ 

0.26  4 

0.12 

(3)^ 

Tacttiura  Ivnns 

TA 

25.0 

(1) 

7.A 

(1) 

A5.0 

(1) 

(Blue-spotted  stingray) 
Narine 

SA 

0.13 

<1> 

0.07 

(1) 

0.38 

(1) 

^Scientific  CM*  Is  followed  by  coaMon  nsae  end  hebltec. 

^Steadard  essey  conditions  were  utilised.  Keen  of  ectlvltles  Is  expressed  as  unite  4  standard  deviation. 
Muaber  of  speelnens  examined  Is  listed  In  parenthesis. 

activity,  TA,  la  expressed  in  units  per  g  tissue.  Values  below  the  lower  Unit  of  reliable 
detection,  1.5,  are  Included  only  to  Indicate  that  sone  activity  nay  be  present. 

Specific  activity,  SA,  la  expressed  In  units  per  mg  protein. 

^testtlts  fren  a  previous  study  (Vebb  and  Brown,  1976)  were  Included  In  this  value. 
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TABLE  5 — Glutamine  synthetase  activities:  Gill  and  other  tissues 


1  2 
Sp«cl«s  EfucyM  activity 


cm  Huscle  Other^ 


CUSS  OSTEICHmCS 


Aclpcnscr  transMontanus 

TA* 

O.s  (2) 

(Uhita  aturtaan) 

K 

Fraah-^tar 

Sir 

0.03  (2) 

Clupaa  harracua  pallaal 

TA 

0.0  (1) 

0.2 

(DR 

(faclfic  harritit) 
Harlaa 

SA 

0.00  (1) 

— 

Cvprlaua  carvlo 

TA 

0.4  (3) 

(Carp) 

Fraah-vatar 

SA 

0.01  (3) 

Cadua  MacrocaDhalua 

TA 

2.2  (1) 

0.9  (1)S 

(Faclfic  cod) 

Marina 

SA 

0.04  (1) 

— 

letalurua  ounctatua 

TA 

3.4  (3) 

(Channal  catflah) 
Fraah-vatar 

SA 

0.04  (3) 

Lapidoosatta  blllnaata 

TA 

0.0  (DM 

(Jtock  aala) 

Marina 

SA 

— 

OncortiTBchua  tahawtacha 

TA 

2.4  (2) 

(Chinook  aalnon) 

Marina 

SA 

0.02  (2) 

Oneorhvnchua  tahawtacha 

TA 

3.5  (2) 

(Chinook  aalnon) 
Praah<-wacar 

SA 

0.04  (2) 

Farca  flavaacana 

TA 

2.1  (3) 

(Yallov  parch) 
Fraah-vatar 

SA 

0.04  (3) 

Flatlchthva  atallatua 

TA 

0.7  (1) 

0.0 

<1) 

(Starry  floundar) 
Marina 

SA 

0.01  (1) 

— 

Forlchthva  notatua 

TA 

0.4 

(1) 

0.0  (DR 

(Flalnfln  nldahipnan) 
Marina 

SA 

— 

— 

CUSS  CTCLOSTOHX 

Iptatratua  ntoucl 

TA 

2.3  (2) 

0.4 

(l> 

0.0  (DR 

0.9 

(DR 

(FacUlc  hagfiah) 

Marina 

SA 

0.07  (2) 

— 

— 

0.01 

(DR 

Lanaatra  trldantatua 

TA 

3.3  (3) 

S.4  (DSC 

0.4 

(DR 

(Facl/le  lanpray) 

0.42  (DSC 

Fraah-vatar 

SA 

0.09  (3) 

0.00  (DR 

TABLE  5 — Continued 


Speciea^ 

2 

Entyne  activity 

Gill 

Muscle 

Other^ 

CLRSS  CHONDRICHTHYES 

Hydrolaeua  coll lei 

lA* 

2.0  (2) 

1.4  (DP 

(Ratfiah) 

Harine 

SA* 

0.04  (2) 

— 

Potaaotrvson  circular la 

TA 

0.2  (1) 

0.0  (1) 

0.6  (DM 

9.0 

(DSC 

(Stingray) 

Freeh-vater 

SA 

0.01  (1) 

0.00  (1) 

0.01  (DM 

0.11 

(DSC 

Rala  bittoculata 

TA 

4.0  (1) 

l.l  (DP 

1.2 

(DSC 

(Big  abate) 

Marine 

SA 

0.09  (1) 

0.01  (DP 

0.02 

(DSC 

Soualua  acanthiaa 

TA 

2.4  (D® 

1.0  (D* 

2.5  (l)s‘ 

S.6 

(DSC* 

(Spiny  dogfish) 

a 

£ 

Marine 

SA 

0.04  ay 

0.01  ay 

0.03  (DS® 

0.08 

(DSC* 

Soualua  acanthiaa 

TA 

1.9  (DP® 

9.3 

(3)SC* 

(Spiny  dogfish) 

Marine 

SA 

0.02  (DP® 

0.12 

(3) SC® 

Soualua  acanthiaa 

TA 

2.7  (DH® 

(Spiny  dogfish) 

£ 

Marine 

SA 

0.03  (DH 

Taeniura  Ivnna 

TA 

1.4  (1) 

0.0 

(DRG 

(Blue->apotted  stingray) 
Marine 

SA 

0.01  (1) 

^Scientific  naae  la  folleved  by  coMon  naae  and  habitat. 

^Standard  aaaay  eondltlona  vara  utlllaad.  Mean  of  actlvltlaa  la  aspraaaad  aa  unit a  vlth  nuaber  of 
apoclaaaa  axaalnad  In  paranthaala. 

^Othar  tiaauaa  ara  abbreviated  aa  followat  heart,  R;  allt,  M;  paacreaa,  P;  roe,  R;  rectal  gland,  RG; 
aplaen,  S;  and  aplnal  cord,  SC. 

^Tlaaue  activity,  TA,  la  ei^aaaed  in  unite  per  g  tlaaue.  Valuaa  belov  the  lever  Halt  of  reliable 
detectioa,  l.S,  are  included  only  to  indicate  that  eone  activity  nay  be  preaent. 

^Specific  activity,  SA,  ie  expraaeed  In  unite  per  ag  protein. 

^Reeulte  froa  a  previoue  etudy  <Uebb  and  Brovn,  1976)  vara  included  la  thle  value. 
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FIGURE  1 — Hepatic  potential  for  synthesis  of  glutamine 


Th«  MM  *  ((andar^  davlaclM  la  daplctad  Cor  taeh  apoclaa.  Sao  Table  b  for  full  actontlClc 
and  CB— an  na«Bi.  Tha  nuabar  of  apaciaana  aaaalnad  la  Llacad  ta  paranchaala  fallawlnt  tHa 
habitat  of  aach  apactaa.  P  ■  fraah-oatar  N  •  aarlna 
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